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SUMMARY 



In order to study the effectiveness of programmed 
material in problem solving, four programmed lessons 
were constructed and administered by an audio- 
tape and 35 mm slide presentation and also by printed 
manual. The details of these programs, as well 
as the tests to evaluate them, are described. An 
outline is presented of a multi-media approach to 
technjcai physics of which these programs are a part. 
Evidence is given which indicates that the programs 
may have improved the student’s problem solving 
ability; however no statistical significance between 
means for the methods was found. Evidence is also 
given which indicates that the difficulty that students 
have in solving problems might be in reading rather than 
in mathematics. 



i 





INTRODUCTION 






The recent increase in the number of two-year colleges and 
technical institutions has caused great concern for educa- 
tors about the teaching of physics in two-year curricula. 
Because of the wide range in ability, and the vastly 
different needs of the students in these technical programs, 
the "standard'" physics course is not appropriate for the 
industrial engineering technology student. This is 
evidenced most recently by a national meeting of leaders 
in the field of technical education which was held at 
Florissant Valley Community College and sponsored by the 
Commission on College Physics, an agency of the National 
Science Foundation. The most significant single outcome 
of this meeting was that a different approach to the teach- 
ing of physics in the two-year college is urgently needed. 

This present project was undertaken as an attempt to intro- 
duce a multi-media approach to technical physics with 
special emphasis on problem solving and the reporting of 
laboratory measurements and experiments. 



METHOD 

The technical physics course at Florissant Valley Commun- 
ity College was redesigned into modular or weekly units, 
a list of which is shown in Appendix A. An outline of a 
typical weekly unit is shown in Appendix B. Laboratory 
experiments, reading assignments and problems were an inte- 
gral part of each unit. Laboratory experiments or measure- 
ments, as well as programmed problem solving lessons, which 
are mentioned in the unit outline, were done in an open 
lab situation. This means that the student came to the 
lab for experiments or programmed problem solving lessons 
any time during the week. The laboratory exercises 
emphasized measurements and units, as well as an analysis 
of the errors involved. Each lab exercise was written in 
the form shown in Appendix C. At the end of all but a 
few of the weekly units a ten minute quiz was given to the 
student. A sample quiz which followed unit three, on the 
laws of motion, is shown in Appendix D. No evaluation of 
this modular approach was attempted; however student 
comments about it were unanimously favorable. 
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The major portion of this project involved the development 
and evaluation of three programmed problem solving lessons. 
Problem solving is a major objective for technology stu- 
dents for several reasons. One reason is that problem 
solving provides the student with the practice he needs 
in identifying physical quantities, and the units associa- 
ted with the instruments used to measure those quantities. 
The author felt that an attempt should be made to determine 
a means of improving the student's problem solving ability, 
as well as to identify the precise difficulty which students 
have in problem solving. In view of these objectives, pro- 
grammed problem solving lessons were developed to be admin- 
istered by two different methods to two groups of students. 
The two methods chosen were a written programmed manual and 
an audio-visual form of the same manual which synchronized 
an audio tape with 35mm slide presentations. 

Approximately twenty-eight technology students enrolled in 
the author’s technical physics course (or college physics) 
for engineering technology students were divided randomly 
into two groups. One group was to complete the programmed 
lesson by means of the written manual and the other by 
the A-V method. Because of student withdrawals the final 
group sizes were reduced to ten in the written group and 
twelve in the A-V group. The programmed materials used in 
this project, as well as the evaluative tests, are described 
in detail in the following section. 



PROGRAMMED LESSONS 

Pour separate programmed problem-solving lessons were 
developed, each of which required from thirty to forty-five 
minutes to complete. The topics of the lessons corresponded 
to the unit topic for that week. The topics were: 

1. Newton’s Laws of Motion - Part I 

2. Newton’s Laws of Motion - Part II 

3. Circular Motion 

4. Rotational Motion 

The written (printed) manuals were constructed first, from 
which the A-V materials were later made. The three pro- 
grams (four lessons) are shown in Appendix E. The format 
that was used for each lesson included three to four 
problems, each a little more difficult than the previous 
one. Each problem in .a lesson consisted of the. following 
basic sequence of multiple choice questions. 
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1. Statement of problem with aporopriate diagram. 

2. What is unknown? 

3- What is known? 

4. V/ hat equation or equations relate the un- 

known to the knowns? 

5- What would be the rearranged or combined 
equations? 

6. What would be the equation after substitution 
of the knowns? 

7 • What would be the simplified equation? 

8. What would be the result? 

The questions in the finished manual were orinted on one 
side of a page only, with the answer to the previous ques- 
tion at the top of each page. At the back of each manual 
is an answer sheet which was used to evaluate which of the 
steps in the problems presented the most difficulty to the 
students. This answer sheet also contains the problem 
statement and diagram to which the student could refer as 
he considered his answer. The student was orovided with a 
xormula and glossary sheet to which he could also refer 
during the lesson. This sheet is shown in Appendix F. 

Each of the questions printed in the manuals was photographed 
on 35mm lilm, from which white print on black background 
transparencies were made. For the last lesson on rotational 
jr.otion, soft colored backgrounds were used, and the students 
indicated their approval of them in a questionnnaire to be 
.described later. A script was written for each lesson: it 
not only asked the questions presented on each slide, but also 
provided additional comments which were appropriate to a 
-given question. This script was recorded on high quality 
stereo recording equipment by the audio-visual department 
of the Instructional Resources Division at Florissant 
Valley Community College. The voice was that of a pro- 
fessional announcer. The 35mm slides were then synchronized 
to the audio tape using an appropriate signal on the second 
channel of the stereo tape. As the A-V group began one of 
the lessons, they were given the same answer sheets from 
the back of the printed manuals that the written group had. 
These answer sheets contained the problem statements to 
which the student could refer during the lesson. The A-V 
group was provided the same formula sheet (Appendix F) that 
was given to the written group. 

The effectiveness of the programs and the two methods of 
presentation were measured by means of pre and post tests 
designed in the manner of the programmed lessons (a;> shown 
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in Appendix G). These tests are quite similar to each 
other, in that they each contain ten multiple choice 
problems which were carefully designed to test the stu- 
dent’s ability in each of the areas of problem-solving 
that are presented in the programmed lessons. 

Two of the questions require a complete solution to the 
problem. One asks only for the unknown while three ask 
for the known information in the problem. Two of the 
questions ask the student to combine two or more formulas, 
and the remaining two involve units only. As a supple- 
mentary evaluation procedure, a questionnaire was given 
to all students in the program at the time of the post 
test. This questionnaire is shown in Appendix H. 



RESULTS 



The primary method of evaluation for the project w as by 
means of the scores on the pre and post tests. These 
scores (shown in Table I) represent the mean number of 
correct answers out of ten questions, expressed in percent. 
Also shown are the standard deviations (S.D. ) and the 
sample numbers (N). 



TABLE I 

GROUP TEST SCORES 





WRITTEN 


A 


-V 




PRE 


POST 


PRE 


POST 


Mean 


49 


56 


61 


64 


S.D. 


20.2 


20.6 


18.0 


17.1 


N. 


10 


10 


12 


12 



Those questions with more than one answer were considered 
correct if the student chose one-half or more of the 
correct answers. As is indicated in the table, the mean 
scores of both the written and A-V groups did increase from 



the pre test to the post test. However, the relatively 
large standard deviation indicates that this increase 
in mean scores would not be statistica] ly significant. 

A standard t-test for comparison of the means of the two 
different samples was computed using as samples the pre 
and post test scores for both the written and A-V groups. 

In both cases the values of t gave probabilities greater 
than .05. The relatively high scores on both pre and 
post tests for the A-V group seemed to indicate that the 
scores were not randomly selected from the same normal 
population. However, a t-test of significance indicated 
that the means were not significantly different at the 
.05 level. A second method of evaluation involved the 
number of incorrect answers on the answer sheet at the back 
of each lesson. This number of incorrect answers was 
found to gradually decrease over the four lessons. 

The programs were also evaluated by means of the ques- 
tionnaire in Appendix H. Each of the questions on it have 
five levels of response. In order to find the overall 
response by the groups, a graduated weighting scale w as used 
ranging from + 2 for strongly agree, +1 for mildly agree, 
zero for not sure, -1 for mildly disagree to -2 for strongly 
disagree. The results are shown in Table II. 



TABLE II 

RESULTS OP QUESTIONNAIRE 

QUESTION WEIGHTED RESPONSE 



Do you feel that the programs were 

a help to you in problem solving? +1.0-4 

Did the problems have too much detail -.86 

Were the problems generally too 

difficult? -.95 

Were the programs too long? -1.27 

Did you like the colored slides 
better than the black and white 

slides? (A-V group only) +1.50 
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Of the comments which were made at the bottom of the 
questionnaire, not one was unfavorable toward the programs. 
Of all the responses to question one on the questionnaire, 
not one had a weight less than zero (not sure). 

As an attempt to identify the difficulty which students 
have in problem-solving, a tabulation of the number of 
incorrect answers was made from the answer sheets of each 
lesson. This tabulation indicated that students have the 
most difficulty identifying the known or given informa- 
tion in a problem. The next most difficult task is to 
choose from a list of formulas, which one applies to a 
particular problem. The algebra and arithmetic in the 
problems gave the students relatively little trouble. 



CONCLUSIONS 



The fact that the mean scores on post tests were higher 
than pre tests for both groups, although not significantly 
so, might indicate that this course, including the pro- 
grammed lessons would improve a student’s problem solving 
ability. It is highly improbable : that both means would 
show an increase just by chance. 

ihe . results of the questionnaire by itself would also 
indicate that the programs were successful. The lack of 
statistical significance in mean comparisons, probably due 
to the low sample number, indicates that for these students 
the written and A-V methods are equally effective. The 
results of a tabulation of incorrect answers on the answer 
sheets of each lesson would indicate that students enter 
physics courses with reading deficiencies rather than 
mathematics deficiencies, as is commonly believed. These 
programs will be available at Florissant Valley Community 
College as part of a multi-media approach to technical 
physics . 
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APPENDIX 



A 



COURSE OUTLINE 

UNIT TOPIC CHAPTER 

1 Background Mathematics and Trigonometry 1,2 

2 Linear Motion and Kinematics 3, A 

3 Newton’s Laws of Motion 5 

4 Friction 6 

5 Statics 7 

6 Circular Motion 8 

7 Work and Energy 9 

8 Momentum 10 

9 Rigid Body Motion 11 

10 Power, Efficiency and Simple Machines 12 

11 Elastic Forces 13,15 

12 Fluid Mechanics 

13 Thermometry and Heat 17 

13 Thermal Properties of Gases 18 

15 First and Second Laws of Thermodynamics 19 

16 Thermal Properties of Liquids and Solids 20 



^Chapter number in Modern Technical Physics , Beiser, 
Addison Wesley, Reading, Mass. 1966 
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APPENDIX 





WEEKLY UNIT OUTLINE 


Monday 

(if 


Introduction to physical phenomena related 
to this week’s topic (20 min.). 


(2) 


Discuss results of above and from these, design 
experiments that will lead to a physical law or 
relationship which governs the phenomena of this 
week’s topic (30 min.). 


Wednesday 

TD 


in class key experiment and/or have film, 
transparency, etc., to show the relationship 
of the variables in question (25 min.). 


(2) 


Discuss the results and units, formulate thp 
law or relationship and extend to more com- 
plicated situations (25 min.). 


Thursday 


Problem solving session (optional to 
student) (50 min. ) . 


Friday 

nP 


Lecture on conclusions and extension of this 
week’s unit as well as tie in with previous 
units (25 min. ) . 


(2) 


Hand out notes and assignment (including 
problems) for next week along with test°on 
this week’s unit. Collect solved problems. 


(3) 


Test on unit (10 min.). 



Open lab and programmed audio-visual learning session 
(90 min.) at* the student f s convenience. 



APPENDIX C 
LABORATORY REPORT 

EXPERIMENT NAME 

PURPOSE : 

METHOD AND DIAGRAM: 



DATA: 
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ERjt 




CALCULATIONS : 



I 

jp» 

y 

l 



& 



DISCUSSION OP 
RESULTS AND ERROR 
ANALYSIS : 



| 



l 

i 



ERIC 
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TECH PHYSICS 
WEEKLY QUIZ 



NAME 



If an object is moving in a straight line with uniform 
velocity then there must be a net force acting on it 
to produce that motion. 



A freight train moves because the locomotive pulls 
harder on the cars of the train than the cars puli 
on the locomotive. 



Newton’s law of inertia says that if a body js in 
motion in a straight line; then 

1) it will eventually come to rest. 

2) the forces acting on it will keen it in a 
straight line. 

3) it will stay in constant motion in a 
straight line until a force acts on it. 



The weight of a body is 

1) the same thing as its mass. 

2) the same everywhere in the solar system. 

3) the same for all objects that are the same size. 
*0 the gravitational force that the earth exerts 

on it . 



The unit of force in the British system of units is 

1) pounds 

2) slugs 

3) kilograms 
*0 newtons 



The unit of mass in the MKS system is 

1) pounds 

2) slugs 

3) kilograms 

4) newtons 




